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ABSTRACT 
 
Introduction: The popularity of tooth whitening has increased in recent years as patients 
continue to seek treatments to improve their dental appearance. However, current literature 
suggests that tooth whitening may have adverse effects on both restorative materials and 
dental restorations. This literature review was carried out to summarise these possible adverse 
effects of tooth whitening on amalgam, composite, glass ionomer, porcelain and gold.  
Method: Two electronic databases (PubMed and Web of Science Core Collection) were 
searched to find relevant literature from 2006-2017.  
Findings: Existing literature has shown that bleaching may have a detrimental effect on 
restorative materials and that any adverse effects are likely to be material dependent. Much 
of the evidence currently available relates to in-vitro laboratory studies and methodology 
differences between studies have led to contradictory results. There is a need for more high 
quality, controlled in-vivo studies. Prior to carrying out tooth whitening procedures, clinicians 
should advise patients of possible changes to their existing dental restorations, and that in 
some cases, post-operative re-polishing or replacement of restorations may be required. 
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INTRODUCTION 
It is unsurprising that tooth whitening has become a popular dental treatment given 
that the demand for improved dental aesthetics has increased in recent years. In the UK, 
approximately 1 in 5 adults in a study population were dissatisfied with the colour of their 
teeth.1 As a conservative technique, tooth whitening is widely accepted by both patients and 
dental professionals. Furthermore, it has been reported that it is the treatment which is most 
desired by patients who wish to improve their dental appearance.2,3  
Current literature suggests that tooth whitening treatments, usually using carbamide 
peroxide (CP), hydrogen peroxide (HP) or a combination of both may have adverse effects on 
dental restorative materials. It is possible that the physical and/or chemical properties of 
restorative materials may be altered as a result of exposure to these active ingredients. 
Current literature has reported effects including an increased surface roughness of 
restorations, marginal breakdown, colour changes, crack propagation, metallic ion release 
from amalgam restorations and reduced tooth to restoration bond strength.4,5 This literature 
review aims to summarise the adverse effects of tooth whitening on amalgam, composite, 
glass ionomer, porcelain and gold restorations and to determine if there are any clinical 
implications of which both clinicians and patients should be aware. 
METHOD 
To identify relevant articles for this review, two electronic databases (PubMed and Web of 
Science Core Collection) were searched from 2007 to 2016. The search queries used were: 
• (“tooth whitening” OR “tooth bleaching”) AND (“composite” OR “amalgam” OR “glass 
ionomer” OR “porcelain” OR “gold” OR “dental restorations” OR “restorations”) 
 
• (“tooth whitening” OR “tooth bleaching”) AND (“adverse effects” OR “negative effects”) 
AND (“composite” OR “amalgam” OR “glass ionomer” OR “porcelain” OR “gold” OR “dental 
restorations” OR “restorations”) 
 
The initial search yielded 527 results. One researcher (J.O.) screened potential articles 
based upon the titles and abstracts, and together with the removal of duplicate titles, 401 
titles were initially excluded. Considering the inclusion and exclusion criteria (Table 1) resulted 
in a further 40 titles being excluded. The remaining full papers were scanned to assess 
suitability for inclusion in the review and 48 papers were finally included (Figure 1). 
The papers included within the review were sorted into subgroups depending on the type 
of restorative material used (amalgam, porcelain, gold, glass ionomer or composite) and were 
further classified according to the effect(s) studied (Tables 2-6). 
DISCUSSION 
Amalgam 
There were eight studies6-13 that examined the effects of tooth whitening on amalgam. 
The release of mercury ions from amalgam is a health concern. One study6 found that more 
mercury and silver ions were released from admixed and spherical amalgams treated with a 
16% CP gel compared to no treatment, although the amount of mercury released was reported 
to be within safe limits.  Other studies explored the effects of HP on dental amalgam. One 
study7 concluded that the release of mercury ions from dental amalgam increased with 
increasing concentrations of HP between 3.6%-30%. Based on the data from this study, 
mercury release from 37-38 amalgam restorations would be required to exceed the World 
Health Organisation’s (WHO) maximum intake of 40µg of mercury per day. A similar study8 
found that increasing the concentration of HP resulted in a proportional increase in the release 
of mercury, silver, tin and copper ions from dental amalgam and concluded that there is a low 
likelihood of exceeding the WHO’s maximum intake when concentrations of up to 10% HP are 
used. However, it is important to note that some tooth whitening agents contain more than 
10% HP and so further research is needed to investigate the effects of these higher 
concentrations. Furthermore, as most studies were carried out in-vitro, it is possible that their 
findings may not be representative of the clinical conditions.  
A pilot clinical trial supports the theory that the effects of tooth bleaching on mercury 
ion release are not harmful to health.9 In this study mercury levels in blood, urine and saliva 
before and after bleaching were found to be no different. In addition, no differences were 
found in antioxidant enzyme activities which are a measure of the body’s defence system 
against the free radicals released by mercury.9  
Some authors studied the effects of bleaching agents on the physical properties of 
amalgam such as surface roughness. One study showed that exposure to 10% CP gel caused 
irregularities, cracks and pores in the surface ultramorphology of a high copper amalgam.10 
Similarly, surface irregularities were found to be visible on a scanning electron micrograph 
(SEM) of amalgam treated with higher concentrations of 16% or 30% CP.11 The surface 
roughness of amalgam was also found to be significantly greater after exposure to 15% CP.12 
However, unlike the other studies, this study found that the use of 10% CP did not cause an 
increase in surface roughness. Another study used HP instead of CP as the bleaching agent and 
found that there were no significant differences in surface roughness of amalgams before and 
after treatment with HP at various concentrations.8 A recent literature review concluded that 
amalgam restorations may require replacement after whitening because the physical 
properties of the amalgam may be significantly and unacceptably altered.3  
 
Porcelain 
The effects of tooth whitening on porcelain have been were studied in nine papers.12-
20 One study13 reported that exposure to a 38% CP home bleaching agent resulted in a surface 
microhardness reduction in overglazed, autoglazed and polished porcelains, and that the most 
significant change was observed in the polished porcelain. Interestingly, the authors stated 
that no special preparations could prevent these adverse effects. Furthermore, they concluded 
that it may be useful to protect existing porcelain restorations before tooth whitening 
treatments and to re-glaze or polish them afterwards. These findings support the conclusions 
of an earlier study14 that suggested use of a protective barrier should be considered. These 
two studies differ in findings from an earlier in-vitro study which reported that home tooth 
bleaching with 15% CP caused no microhardness changes in existing polished porcelain 
restorations and that replacement of posterior ceramic restorations was unnecessary.15 The 
conflicting results from these three studies may be explained by the different concentrations 
of CP which were used. Furthermore, it has previously been suggested that different 
environmental temperatures may explain discrepancies between studies. A study that 
investigated whether bleaching at 25°C and 37°C affected surface microhardness of ceramics 
concluded that ceramic bleached with 10% CP at either 25°C or 37°C did not display surface 
microhardness loss.16 When HP is used, studies have demonstrated that there are no 
significant effects on the surface microhardness of porcelain for concentrations between 10% 
and 40%.14,17,18 A previous literature review3 mentioned that conventional dental ceramics are 
thought to be the most inert dental restorative materials, and this is supported by findings 
that dental ceramics remain stable whether or not they are exposed to bleaching agents.18,19  
Alterations to colour have been observed in porcelain restorations following exposure 
to bleaching agents, leading some authors to conclude that they should be protected 
beforehand, and patients advised that a colour mismatch may be present after bleaching.19,20  
Adverse effects on the surface roughness may be influenced by the surface preparation 
of the porcelain restoration. A study noted that although surface roughness was unaffected 
for autoglazed ceramics, it was significantly increased in a group which had been overglazed 
and polished.20 The researchers attributed this difference to the removal of the overglaze layer 
during polishing and subsequent increased etchant effect on the exposed underlying ceramic 
surface.  
 
Gold 
Only two studies21-22 were found which considered the effects of tooth whitening on 
gold casting alloys used as dental materials. One study reported that the surface roughness of 
a gold alloy was not statistically different after treatment with 10% CP compared to no 
treatment.21 However, a significantly greater surface roughness was seen after the CP 
concentration was increased to 35%. Conversely, an earlier study study found that any 
differences in the surface roughness of a gold alloy were not statistically significant when 
concentrations of 3%, 10% or 30% HP were used.22 These authors further reported that the 
release of gold ions from the alloy did not increase with increasing HP concentration. However, 
all other metal ions measured in the study were found to increase after bleaching.22  
The conflicting results from these two studies may possibly be explained by the use of 
CP in one and HP in the other. In addition, findings may have been influenced by the lack of 
standardisation of methods between the studies. For example, one study applied 10% CP and 
35% CP for 8 hours and 2 hours respectively,21 whereas the other used an application time of 
24 hours.22 Moreover, both studies used fabricated gold alloy specimens in-vitro rather than 
studying the effects on existing cast gold restorations. As the results from these studies are 
limited, further research is necessary to examine the effects of tooth whitening on gold 
restorations.  
 
Glass Ionomer 
There were ten studies that looked at the effect of tooth whitening on glass ionomer 
type materials.12,16,18,23-29 and changes to colour, surface microhardness, roughness, 
dissolution, microleakage and staining susceptibility were the adverse effects usually studied. 
Some studies tested conventional glass ionomers, whilst others tested resin modified glass 
ionomers (RMGI).  A previous literature review reported that glass ionomer’s stability can be 
compromised by aggressive bleaching,23 and most other studies reported significant effects on 
glass ionomer restorative materials following bleaching. 
One study observed widespread cracking and greater roughness on scanning electron 
micrographs (SEM) of glass ionomer samples after bleaching with 15% CP.24 These 
observations were attributed to the surface dissolution effect of the CP on the glass ionomer 
matrix.  Another study found an increased surface roughness of glass ionomer which has been 
treated with either CP or HP compared to before treatment.25 Their results corroborate with 
previous research where it was suggested that clinicians should consider replacing glass 
ionomer restorations with alternative restorative materials before tooth whitening is carried 
out.12 Similarly, another study concluded that because of their vulnerability to microleakage, 
resin modified glass ionomer cements should not be used as filling materials prior to tooth 
whitening.26 However, this is contradicted in a further study which stated that replacement of 
existing Class V RMGI restorations is not needed after bleaching because microleakage and 
marginal integrity are not significantly affected.27 More evidence is needed to find out whether 
adverse effects of bleaching on glass ionomer restorations differ according to the G.V. Black’s 
classification assigned to the restoration.  
Greater surface porosity, cracking and pitting observed by some authors has been 
attributed to the surface dissolution effect of whitening agents. One study observed extensive 
cracking in their control glass ionomers as well as the experimental groups.28 They raised an 
important point that glass ionomer is very sensitive to desiccation and therefore the surface 
cracks could have been caused by dehydration as part of SEM procedures. According to 
laboratory studies, glass ionomer surface and subsurface softening effects are greater at 
higher temperatures.16,18 This suggests that temperature is an influencing factor on 
microhardness following bleaching. In contrast, one clinical trial showed an increase in surface 
microhardness after use of 15% CP,29 and since this study was carried out in-vivo, the findings 
may be more representative of the clinical situation. 
Comparatively less research has been carried out with respect to colour changes 
related to bleaching. Although colour changes were observed in one study, these were found 
to decrease to a clinically acceptable level after the bleaching treatment was stopped.24 One 
study assessed the effects of bleaching on staining susceptibility and found that chemically 
cured glass ionomers which have been bleached are more susceptible to staining.28  
 
Composite 
It is perhaps unsurprising that most sources from the literature search had studied the 
effects of tooth whitening agents on the properties of composites; including microhardness, 
colour, bond strength, surface roughness, staining susceptibility and microleakage. Thirty-six 
studies were included within this review.10,13-15,17,20,24-53 
Conflicting results on microhardness have been reported. Following bleaching, one in- 
vitro study found a reduced microhardness for nanofilled, silorane-based and hybrid types, 
whilst a microhybrid composite showed no significant changes.30 Two studies directly 
contradict this by reporting that the microhardness of microhybrid composites is decreased 
following exposure to CP.31,32 However, several studies reported no alterations to the 
microhardness of various composite types following treatment with whitening 
agents.14,15,17,29,33,34  
Findings of a decrease in microhardness are consistent with several additional 
studies.13,14,35,36,37 Although a reduced microhardness was found, there was controversy 
regarding whether this is limited to the composite surface layers and can be removed with 
post-operative re-polishing13,38 or if the damage extends deeper. One study observed 
softening of sub-surface layers and concluded that it is unlikely that post-operative polishing 
is sufficient to reverse the damage.39 In addition, composite restorations should be protected 
with a barrier during whitening treatments to prevent exposure to the bleaching agents.13,14 
Two separate laboratory studies concluded that it was not necessary to replace composite 
restorations after whitening treatments.15,17 
Researchers have drawn similar conclusions regarding the effects of tooth whitening 
on microleakage. Two studies concluded that microleakage of Class V composite restorations 
is not affected by whitening and therefore, post-operative composite restoration replacement 
is not needed.27,40 However, other research suggests that it is likely that these findings only 
apply to Class V restorations and cannot be extrapolated to other classes of composite 
restorations. The use of 15% CP may increase dentinal margin microleakage of existing 
composite restorations and clinicians should consider post-whitening rebonding to reseal 
restoration margins.26 
Some of the studies which investigated tooth whitening’s effects on composites 
observed a lighter colour after treatment with CP or HP.41,42 Conversely, others reported no 
significant changes to shade or colour stability.24,43 Another study used different 
concentrations of HP and CP and reported a noticeable colour change for some concentrations 
but not for others.44 However, any colour differences between baseline value and bleaching 
were deemed to be within a clinically acceptable range. A further study by which observed 
composite colour changes following bleaching came to the same conclusion.45 It is unclear 
whether tooth bleaching has any effects on staining susceptibility and currently, the research 
on this topic is very limited. One in-vitro study found no effect on staining susceptibility with 
use of 20% CP46 whilst another similar study found an increase following treatment with 15% 
CP.28 Both studies used nanofilled resin composites and their conflicting results suggest that 
there is a need for further research before definitive conclusions can be made.   
There is some evidence to suggest that exposure of existing composite resin 
restorations to whitening treatments results in a reduction in bond strength between the 
composite and dental tissues. One study which used concentrations of 10-20% CP found that 
the adverse effects on bond strength were increased at higher CP concentrations. Additionally, 
the authors noted that the composite to dentine bond strength was less affected than the 
composite to enamel bond strength.47 As well as concentration, it seems that effects on bond 
strength may be dependent on the type of adhesive system used.48  
Regarding surface roughness and surface morphology changes, a number of studies 
drew different conclusions. Some showed no effects on surface roughness,18,37,42,49-53 whilst 
other studies reported an increase in the surface roughness.10,20,41,43,52 One study described an 
irregular, porous composite surface with many cracks following 10% CP exposure.10 Another 
study used 16-22% CP and 38% HP to demonstrate that surface roughness increases were 
small enough to be considered clinically irrelevant in cases where an optimal finish of the 
existing composite had been achieved.25 These authors explained that the accumulation and 
composition of plaque is not affected at a surface roughness below a 200 nm threshold. 
However, they added that it may not be possible to achieve an optimal finish in every clinical 
case.  
CONCLUSION 
Current literature appears to show that the adverse effects of CP and HP on dental restorative 
materials are likely to be material dependent. There is the possibility that effects may also be 
influenced by other factors including the concentration of CP or HP used as well as 
temperature, although current evidence is limited. The majority of research to date has 
involved in-vitro laboratory studies and there is a need for more high quality, controlled in-
vivo research before definitive conclusions can be made relating to the clinical scenario. 
Furthermore, current studies have used different bleaching regimes, various concentrations 
and experimental conditions. This lack of standardisation causes difficulty in making valid 
comparisons between studies and has led to conflicting results. However, despite the lack of 
strong conclusions related to clinical practice, there is evidence that various restorative 
materials may be affected to some degree during tooth whitening procedures. As a result, it 
would be prudent for clinicians to: 
• Advise patients of the possibility of adverse changes to their existing dental 
restorations when undertaking tooth whitening procedures and that, in some cases, 
re-polishing or replacement of the restoration may be required.  
• Wait for 2 weeks following bleaching before carrying out adhesive procedures 
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Table 1: Inclusion and exclusion criteria for papers in the literature review. 
 
Inclusion 
Criteria 
• Literature which examined the effects of tooth whitening on dental 
restorations or any of the following dental restorative materials: 
amalgam, composite, glass ionomer restorative materials, gold, porcelain 
• Literature from 2007-2016  
• Literature from any country was included, provided that it was available 
in the English language 
• Literature which used any study design type 
• Both primary and secondary source types were considered 
• Literature was included irrespective of outcome  
 
Exclusion 
Criteria 
• Literature which was not written in the English language 
• Literature which was not accessible to the University of Bristol 
• Literature which was from a year outside of the period 2007-2016    
 
 
 
 
 
Table 2: Sources which studied the effects of tooth whitening on amalgam 
 
Reference Effect(s) studied 
Al-Salehi et al. (2007) Surface roughness 
Al-Salehi (2009) Ion release 
Cakir et al. (2014) Ion release 
Gurgan et al. (2007) Surface roughness 
Kasraei et al. (2010) Ion release 
Marto et al. (2010) Surface roughness 
Yu et al. (2015) Physical properties 
Zavanelli et al. (2011) Surface roughness 
 
 
 
 
 
 
 
Table 3: Sources which studied the effects of tooth whitening on porcelain 
 
Reference Effect(s) studied 
Kara et al. (2013) Colour change 
Malkondu et al. (2011) Microhardness 
Polydorou et al. (2007a) Microhardness 
Polydorou et al. (2007b) Microhardness 
Torabi et al. (2014a) Microhardness 
Yu et al. (2011) Microhardness 
Yu et al. (2013) Microhardness 
Zaki and Fahmy (2009) Surface roughness and colour change 
Zavanelli et al. (2011) Surface roughness 
 
Table 4: Sources which studied the effects of tooth whitening on gold 
 
 
Table 5: Sources which studied the effects of tooth whitening on glass ionomer 
 
Reference Effect(s) studied 
Carey (2014) Multiple effects (review) 
Khouroushi and Fardashtaki (2009) Microleakage and marginal integrity 
Li et al. (2009) Colour change and surface roughness 
Markovic et al. (2014) Surface roughness 
Moosavi et al. (2009) Microleakage 
Yu et al. (2008) Microhardness 
Yu et al. (2009) 
Staining susceptibility and surface 
roughness 
Yu et al. (2011) Surface microhardness 
Yu et al. (2013) Microhardness and surface roughness 
Zavanelli et al. (2011) Surface roughness 
 
Reference Effect(s) studied 
Al-Salehi et al. (2008) 
Metal ion release and surface 
roughness 
Mohsen (2010) Surface roughness 
Table 6: Sources which studied the effects of tooth whitening on composite 
Reference Effect(s) studied 
AlQahtani (2013) Microhardness 
Anagnostou et al. (2014) Colour change and gloss 
Bahari et al. (2016) Microhardness 
Barcellos et al. (2010) Bond strength 
Bodanezi et al. (2011) Surface morphology 
Briso et al. (2010) Microhardness 
Çelik et al. (2009) Staining susceptibility 
De Andrade et al. (2011) 
Surface roughness and shade 
changes 
Dudek et al. (2013) Bond strength 
Gurbuz et al. (2012) Surface roughness and colour 
Hannig et al. (2007) Microhardness 
Hatanaka et al. (2013) Microhardness 
Hubbezoglu et al. (2008) Colour change 
Irawan et al. (2015) 
3D surface profile, surface 
roughness and colour stability 
Khoroushi and Fardashtaki (2009) Microleakage 
Klukowska et al. (2008) Microleakage 
Kwon et al. (2010) 
Microhardness and colour 
change 
Li et al. (2009) Colour change 
Lima et al. (2008) Microhardness 
Malkondu et al. (2011) Microhardness 
Markovic et al. (2014) Surface roughness 
Marto et al. (2012) Surface roughness 
Mohammadi et al. (2012) 
Surface roughness and colour 
stability 
Moosavi et al. (2009) Microleakage 
Polydorou et al. (2007a) Microhardness 
Polydorou et al. (2007b) Microhardness 
Shafiei and Doustfatemah (2013) Microhardness 
Sharafeddin and Jamalipour (2010) 
Surface roughness and 
hardness 
Srinivasan and Chitra (2015) Microhardness 
Torabi et al. (2014a) Microhardness 
Torabi et al. (2014b) Surface roughness 
Yu et al. (2008) Microhardness 
Yu et al. (2009) Staining susceptibility 
Yu et al. (2013) Surface roughness 
Zavanelli et al. (2011) Surface roughness 
Zuryati et al. (2013) 
Surface roughness and 
hardness 
 
 
 
 
 
 
Figure 1: Prisma flow diagram of the review process. 
